Introduction
============

In emergency cases, finger stick testing is primarily used to check the blood glucose value of patients. The value of glucose in the venous blood sample is taken into consideration to confirm the capillary blood glucose level. The capillary and venous glucose levels should be consistent with each other. In the case of an emergency, the treatment process starts in view of the capillary glucose value since it takes longer to obtain the venous value.

In critical patients, under conditions that cause an increase in metabolic state and level of stress, there occurs considerable difference in glucose levels between capillary and venous measurements. For instance, in the case of circulatory shock, tissue perfusion is impaired and glucose extraction increases.[@b1-tcrm-10-985] There is no clear information on whether the capillary blood glucose value according to the perfusion index obtained by a finger stick measurement is comparable with the venous value. Patients were determined to be "critical" if in triage category 1 (life-threatening or possibly life-threatening clinical condition \[hemorrhagic shock, altered mental status, status epilepticus, diabetic ketoacidosis, ileus, etc\]) or unstable/outside normal ranges or vital signs. Accepted values for normal limits of vital signs can vary in the literature and at various hospitals.[@b2-tcrm-10-985]--[@b4-tcrm-10-985] In close similarity to the literature, in our emergency department, we use the normal range for vital signs as systolic blood pressure 120--90 mmHg, pulse rate 60--100/min, respiration rate 12--16/min, body temperature 36.0°C--37.1°C, and oxygen saturation \>94%.

The blood glucose value obtained by the finger stick measurement should normally be correlated with venous glucose level, with a maximum difference of 20%. However, conditions causing a circulatory disorder, primarily a shock, affect circulation to the fingertip. It is important to detect this condition through the perfusion index, measured by a noninvasive oximetry method, in order to see the comparability of these two types of blood glucose measurement.

Perfusion index is the ratio of the pulsatile blood flow to the nonpulsatile or static blood flow in peripheral tissues.[@b5-tcrm-10-985] Perfusion index may be derived from pulse oximetry, continuously and noninvasively. The Masimo Radical-7^®^ is a device measuring the perfusion index by pulse oximetry, continuously and simultaneously.[@b5-tcrm-10-985],[@b6-tcrm-10-985] The perfusion index is measured by a finger probe. The normal limits are not defined very well by the manufacturer. We accept the perfusion index value of 5 as the border for description of low or high (ie, 0--5 is low, \>5 is high).

There is not much research on the comparability of capillary and venous glucose values according to the perfusion index level obtained with the Masimo Radical-7 in the emergency department.

Aim
---

This study aimed to investigate the comparability of capillary and venous glucose values, according to the perfusion index level obtained by the Masimo Radical-7, in critical patients aged 18 years and over.

Method
======

This prospective and observational study took place in the emergency department of the Eskisehir Osmangazi University hospital between November 3, 2008 and February 2, 2009. After approval from the local board of ethics, the participating patients (or the relatives, for unconscious patients) provided their written consent to participate in the study. All patients in a critical state and aged 18 years and over, for whom finger stick testing was performed to check the blood glucose, were included in the study. The patients below 18 years, who did not give consent to participate in the study, or who did not need finger stick testing for blood glucose measurement were excluded from the study.

We first noted the age, sex, and vital signs (arterial blood pressure measured noninvasively, pulse rate, respiration rate, body temperature, and oxygen saturation) of the patients. The capillary glucose value was measured using the Abbott Optium Xceed blood glucose monitoring system and appropriate measurement sticks, when finger stick testing was required in clinical patients. Where indicated in these patients, the venous blood glucose value was measured. The Masimo Radical-7 was used to measure the perfusion index of patients.

The patients were categorized as "young" if they were between 18 and 65 years, and as "old" if they were over 65 years. We divided the patients by normal (systolic blood pressure 120--90 mmHg, pulse rate 60--100/min, respiration rate 12--16/min, body temperature 36.0°C--37.1°C, oxygen saturation \>94%) and abnormal (results out of normal reference range) vital signs. We also divided them by perfusion index: those with low (0--5) and high (5\>) perfusion index. We then checked whether venous and capillary glucose levels were correlated among groups, based on age, vital signs, and perfusion index.

Medcalc 13.3 software was used for the analysis. The data were summarized as mean ± standard deviation (SD) and minimum--maximum capillary and venous glucose levels. Comparability was evaluated by the Bland--Altman graphical method and Passing and Bablok regression method. The regression equation (y = a + bx) revealed constant (a) and proportional (b) difference with confidence intervals of 95%. Where x = y, there was no significant difference between methods, and both methods could be used interchangeably. In the Passing and Bablok regression method, in cases where the intercept was close to 0 and the slope was close to 1, capillary and venous blood glucose values were considered the most comparable. The Cusum test for linearity was used to evaluate how well a linear model fit the data. A significant *P*-value indicated the method was nonlinear (significant deviation from linearity). The results of the Passing and Bablok procedure were supplemented with a Bland--Altman plot. The Bland--Altman plot is a graphical method to compare two measurement techniques.[@b7-tcrm-10-985] The level of significance was accepted as *P*\<0.05.

Results
=======

[Table 1](#t1-tcrm-10-985){ref-type="table"} shows the descriptive statistics related to the patients in the study.

There were 67 patients with normal vital signs and perfusion index of 0--5 (or "low" perfusion index values). In this group, capillary and venous blood glucose values were comparable with each other ([Figure 1A](#f1-tcrm-10-985){ref-type="fig"}). The venous and capillary glucose levels of patients with normal vital signs and perfusion index between 0 and 5 were more consistent compared with the levels of patients with normal vital signs and high perfusion index (\>5) (n=19) ([Figures 1A](#f1-tcrm-10-985){ref-type="fig"} and B).

In all groups of patients, in the cases where at least one of the vital signs was abnormal, venous and capillary glucose levels were more consistent in patients with high perfusion index (n=57) compared with the patients with low perfusion index (n=131) ([Figures 2A and B](#f2-tcrm-10-985){ref-type="fig"}).

In the group of patients with normal vital signs and low perfusion index, venous and capillary glucose levels were more consistent with each other in older patients (n=22) compared with younger patients (n=44) ([Figures 3A and B](#f3-tcrm-10-985){ref-type="fig"}).

In the group of patients with normal vital signs and high perfusion index, venous and capillary glucose levels were more consistent in younger patients (n=12) compared with the older patients (n=7) ([Figures 4A and B](#f4-tcrm-10-985){ref-type="fig"}).

In the cases where at least one of the vital signs was abnormal and the perfusion index was between 0 and 5, venous and capillary glucose levels were more consistent in the group of younger patients (n=72) compared with the group of older patients (n=59) ([Figures 5A and B](#f5-tcrm-10-985){ref-type="fig"}).

In the cases where at least one of the vital sign findings was abnormal and the perfusion index was high, venous and capillary glucose levels were more consistent in the group of younger patients (n=24) compared with the group of older patients (n=33) ([Figures 6A and B](#f6-tcrm-10-985){ref-type="fig"}).

In summary, [Table 2](#t2-tcrm-10-985){ref-type="table"} shows the major results of the analysis.

Discussion
==========

Blood glucose regulation may be initiated according to the capillary glucose level before the level of glucose is determined by venous blood sample. That is why it is of particular importance for the management of critical patients that capillary and venous blood glucose levels are consistent with each other. Under ideal conditions, the consistency between the two methods is expected to be perfect. Above all, the devices used for measurement need to be calibrated accurately. Among the factors that foster consistency are lack of a critical state (such as circulatory shock or heart failure) that may cause a difference between levels of capillary and venous glucose, or lack of drug intake (such as calcium channel blockers and alpha blockers). In the present study, we compared the blood glucose measurements of critical patients (patients in triage category 1, in need of immediate treatment). As the age of critical patients increases, it is more likely that they suffer from one or more additional disorders and use one or more drugs. These patients, in most cases, have clinical conditions, such as diabetes mellitus, decompensated heart failure, and sepsis, which may cause circulatory disorders. Vital sign findings are expected to be affected by the presence of a circulatory problem that may influence blood glucose measurements. Based on this idea, we analyzed glucose measurement results of patients in view of abnormality in the vital signs. The capillary blood glucose value was expected to be comparable with the venous value in the absence of acute circulatory disorder or any condition affecting the vital signs.

For the purpose of this study, we tested the consistency of capillary whole-blood and venous plasma glucose values of patients aged 18 years and over, according to the perfusion index value obtained by the Masimo Radical-7 -- a finger probe testing device. The participants with normal vital signs had perfusion index between 0 and 5; the results obtained by the two methods were more consistent for perfusion index values of 6 and over. In the cases where at least one of the vital signs was abnormal, the glucose values obtained by the two methods were more consistent when the perfusion index was 6 or over. We cannot explain this difference, considering current results of our study.

With respect to age groups, the results were most consistent in older participants with normal vital sign findings and low perfusion index and in younger patients with high perfusion index. In the group of cases where vital signs was abnormal, independent from the perfusion index value, the consistency between capillary and venous glucose levels was higher in younger patients compared with older patients. These results are confounding and not easily explainable.

To our knowledge, there are no studies in the literature comparing venous and capillary glucose levels by perfusion index, in emergent and critical situations, with a method similar to the one used in this study. It is nevertheless possible to find studies that focus on the consistency of glucose values in venous (plasma) and capillary (whole-blood) samples in emergent conditions.[@b8-tcrm-10-985]--[@b10-tcrm-10-985] Ullal et al reported that the measurements made by various glucometers in and outside the hospital were well correlated with laboratory results.[@b11-tcrm-10-985] Dungan et al found that venous plasma glucose levels were well correlated with glucose levels measured in whole blood by hand-held glucometers.[@b12-tcrm-10-985] However, clinicians are more interested in the clinical consistency of glucometer and serum/plasma laboratory results. The criteria for clinical consistency vary according to the range of glucose concentrations and are dependent on how the result is used for the monitoring and management of the patient. Several factors may influence glucometer results: operator, technology, environmental factors, and patient-specific factors (medications, oxygen therapy, anemia, hypotension, and other disorders).[@b13-tcrm-10-985] In the present study, we did not analyze the medications and disorders of each patient individually. However, based on whether there was any abnormality in vital signs of critical patients, we divided the participants as participants with no abnormality in vital signs and participants with one or more abnormalities in vital signs. The capillary and venous plasma glucose values were consistent in all patients with abnormal vital signs and in patients aged 65 and below who had normal vital signs but high perfusion index. However, the present study cannot explain why the results were in consistent in patients aged 65 and below who had normal vital signs but low perfusion index.

It may be appropriate to evaluate capillary and venous blood glucose measurement by perfusion index in cases where vital signs have not been affected yet but where there is a condition that may potentially cause perfusion disorder. In the results of our study, the test results were variable with respect to perfusion index. It cannot be clearly explained in our study why the consistency was higher in the case of patients with low perfusion index and completely normal vital sign findings and in patients with high perfusion index and at least one abnormal vital sign.

Blood sugar regulation can be undertaken in consideration of the capillary glucose level since it takes longer to obtain the glucose value by venous blood sample. That is why it is important, for the management of critical patients, that capillary and venous glucose values are consistent with each other. These two methods are supposed to produce fully consistent results under ideal conditions. It is primarily important that the devices used in measurement are calibrated accurately. The consistency strengthens in cases where the patient does not suffer from a clinical situation that is likely to cause differences in capillary and venous glucose values, eg, circulatory shock or congestive heart failure, and where the patient does not take any medications that may cause a difference, eg, calcium channel blockers or alpha blockers -- the consistency of venous and capillary glucose levels in aged patients with low perfusion index may be the result of these conditions.

Limitations
-----------

This study involved critical patients aged 18 years and over managed in the emergency department of a university hospital. Further studies are needed to test the results with patients aged below 18 years, in less urgent condition according to triage category, and after transfer to intensive care units or ambulatory clinics posthospitalization. The present study did not consider comorbid disorders, medications used by patients, or laboratory test results, so the impact of these factors on the consistency of venous and capillary glucose values cannot be explained clearly. There is a need to support the findings with studies involving a greater number of patients and more comprehensive clinical and laboratory results.

Conclusion
==========

In the emergency department, perfusion index value measured by the Masimo Radical-7 and capillary blood glucose levels can serve in blood sugar management in critically ill patients.
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![(**A**) Venous and capillary glucose level comparability in all patients with normal vital signs and low perfusion index (0--5) (n=67). (**B**) Venous and capillary glucose level comparability in patients with normal vital signs and high perfusion index (\>5) (n=19).\
**Notes:** (**A**) Passing and Bablok regression equation y =5.4648+0.9718x. Cusum test for linearity: *P*\>0.10. (**B**) Passing and Bablok regression equation y =28.2272+0.7923x. Cusum test for linearity: *P*\>0.05.\
**Abbreviations:** CGL, capillary glucose level; VGL, venous glucose level; SD, standard deviation.](tcrm-10-985Fig1){#f1-tcrm-10-985}

![(**A**) Venous and capillary glucose level comparability in patients with at least one abnormal vital sign finding and low perfusion index (n=131). (**B**) Venous and capillary glucose level comparability in patients with at least one abnormal vital sign finding and high perfusion index (n=57).\
**Notes:** (**A**) Passing and Bablok regression equation y =13.8113+0.8679x. Cusum test for linearity: *P*\>0.05. (**B**) Passing and Bablok regression equation y =10.2941+0.8916x. Cusum Test for Linearity: *P*\>0.10.\
**Abbreviations:** CGL, capillary glucose level; VGL, venous glucose level; SD, standard deviation.](tcrm-10-985Fig2){#f2-tcrm-10-985}

![(**A**) Venous and capillary glucose level comparability in younger patients, aged 18--65 years, with perfusion index between 0 and 5 (n=44). (**B**) Venous and capillary glucose level comparability in older patients, aged \>65 years, with perfusion index between 0 and 5 (n=22).\
**Notes:** (**A**) Passing and Bablok regression equation y =8.3621+0.9310x. Cusum test for linearity: *P*\>0.10. (**B**) Passing and Bablok regression equation y =1.8347+1.0565x. Cusum test for linearity: *P*\>0.10.\
**Abbreviations:** CGL, capillary glucose level; VGL, venous glucose level; SD, standard deviation.](tcrm-10-985Fig3){#f3-tcrm-10-985}

![(**A**) Venous and capillary glucose level comparability in younger patients, aged 18--65 years, with perfusion index \>5 (n=12). (**B**) Venous and capillary glucose level comparability in older patients, aged \>65 years, with perfusion index \>5 (n=7).\
**Notes:** (**A**) Passing and Bablok regression equation y =11.3753+0.8528x. Cusum test for linearity: *P*\>0.10. (**B**) Passing and Bablok regression equation y =56.1357+0.6953x. Cusum test for linearity: *P*\>0.10.\
**Abbreviations:** CGL, capillary glucose level; VGL, venous glucose level; SD, standard deviation.](tcrm-10-985Fig4){#f4-tcrm-10-985}

![(**A**) Venous and capillary glucose level comparability in younger patients, aged 18--65 years, with at least one abnormal vital sign finding and low perfusion index (n=72). (**B**) Venous and capillary glucose level comparability in older patients, aged \>65 years, with at least one abnormal vital sign finding and low perfusion index (n=59).\
**Notes:** (**A**) Passing and Bablok regression equation y =13.9138+0.8459x. Cusum test for linearity: *P*\<0.05. (**B**) Passing and Bablok regression equation y =16.4853+0.8758x. Cusum Test for Linearity: *P*\>0.10.\
**Abbreviations:** CGL, capillary glucose level; VGL, venous glucose level; SD, standard deviation.](tcrm-10-985Fig5){#f5-tcrm-10-985}

![(**A**) Venous and capillary glucose level comparability in younger patients, aged 18--65 years, with at least one abnormal vital sign finding and high perfusion index (n=24). (**B**) Venous and capillary glucose level comparability in older patients, aged \>65 years, with at least one abnormal vital sign finding and high perfusion index (n=33).\
**Notes:** (**A**) Passing and Bablok regression equation y =7.0950+0.8450x. Cusum test for linearity: *P*\>0.10. (**B**) Passing and Bablok regression equation y =9.1246+0.9208x. Cusum test for linearity: *P*\>0.10.\
**Abbreviations:** CGL, capillary glucose level; VGL, venous glucose level; SD, standard deviation.](tcrm-10-985Fig6){#f6-tcrm-10-985}

###### 

Descriptive statistics related to the participants

  Parameters                                                                             Number   Mean ± SD       Range
  -------------------------------------------------------------------------------------- -------- --------------- ---------------
  Age                                                                                    300      59.47±16.41     19.00--97.00
  Finger stick blood glucose level[\*](#tfn1-tcrm-10-985){ref-type="table-fn"} (mg/dL)   300      179.33±110.36   36.00--900.00
  Venous glucose level (mg/dL)                                                           274      196.08±130.16   18.00--895.00
  Perfusion index[\*\*](#tfn2-tcrm-10-985){ref-type="table-fn"}                          300      4.56±3.59       0--30

**Notes:**

By Abbott Optium Exceed.

By Masimo Radical-7^®^.

**Abbreviation:** SD, standard deviation.

###### 

Summary of major results

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Vital signs[\*](#tfn4-tcrm-10-985){ref-type="table-fn"}   Perfusion index[\#](#tfn5-tcrm-10-985){ref-type="table-fn"}   Younger/older groups[&](#tfn6-tcrm-10-985){ref-type="table-fn"}   Higher consistency between CGL and VGL in
  --------------------------------------------------------- ------------------------------------------------------------- ----------------------------------------------------------------- -------------------------------------------
  Normal                                                    Low\                                                          All                                                               Low perfusion index group
                                                            High                                                                                                                            

  Abnormal                                                  Low\                                                          All                                                               High perfusion index group
                                                            High                                                                                                                            

  Normal                                                    Low                                                           Younger\                                                          Older patients
                                                                                                                          Older                                                             

  Normal                                                    High                                                          Younger\                                                          Younger patients
                                                                                                                          Older                                                             

  Abnormal                                                  Low                                                           Younger\                                                          Younger patients
                                                                                                                          Older                                                             

  Abnormal                                                  High                                                          Younger\                                                          Younger patients
                                                                                                                          Older                                                             
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Notes:**

Normal limits of vital signs: systolic blood pressure 120--90 mmHg, pulse rate 60--100/min, respiration rate 12--16/min, body temperature 36.0°C --37.1°C, and oxygen saturation \>94%.

Low perfusion index includes scores 0--5; high perfusion index includes scores \>5.

Younger patients are 18--65 years; older patients are \>65 years.

**Abbreviations:** CGL, capillary glucose level; VGL, venous glucose level.
